1. The anti-lipolytic effect of the adenosine analogue N6-L-phenylisopropyladenosine was studied with rat adipocytes incubated with a high concentration of adenosine deaminase (0.5unit/ml, approx. 2.5pg/ml) and concentrations of noradrenaline that were equieffective in different physiological states. 2. These studies were performed to compare the fed and starved (24h) states and to compare a hypothyroid state (induced by feeding propylthiouracil + a low-iodine diet) with the euthyroid state. 3. Starvation increased sensitivity of the cells to the lipolytic action of noradrenaline, while decreasing sensitivity to the antilipolytic action of phenylisopropyladenosine. 4. Hypothyroidism resulted in decreased sensitivity to noradrenaline and increased sensitivity to phenylisopropyladenosine. 5. Studies of the binding of [3H]phenylisopropyladenosine to adipocyte plasma membranes indicated heterogeneity of binding sites or negative co-operativity in the binding. 6. Starvation did not change [3H]phenylisopropyladenosine binding to membranes, whereas hypothyroidism caused an unexpected decrease in both the number and affinity of the binding sites. 7. These observations are discussed in terms of the dual regulation of adipose-tissue lipolysis by lipolytic and anti-lipolytic agents.
It is generally accepted that stimulation of lipolysis in adipose tissue by lipolytic hormones (e.g. adrenaline, noradrenaline, corticotropin, glucagon) is brought about by receptor-mediated activation of adenylate cyclase, leading to cyclic AMP accumulation and activation of cyclic AMPdependent protein kinase, which phosphorylates the hormone-sensitive lipase, resulting in increased activity of the process. In recent years it has become clear that this process is under dual regulation in that adenylate cyclase activity regulation is the balance between the effects of stimulating (lipolytic) and inhibiting (anti-lipolytic) agents (e.g. adenosine and E-series prostaglandins) (Rodbell, 1980; Londos et al., 1981; Wolff et al., 1981) . Inhibition of adenylate cyclase (and hence lipolysis) is mediated by the Al (Van Calker et al., 1979) or Ri (Londos et al., 1980) adenosine receptor, which is coupled to the catalytic unit of adenylate cyclase by a guanine nucleotide-binding protein (Ni) that is distinct from that (Ns) which Abbreviations used: PIA, N6-L-2-phenylisopropyladenosine.
* To whom correspondence and reprint requests should be addressed.
couples stimulatory receptors to the enzyme (Rodbell, 1980; Murayama & Ui, 1983; Olansky et al., 1983) . Intact adipose tissue or incubations of adipocytes contain sufficient amounts of adenosine to attenuate the stimulatory effects of lipolytic hormones on the system (Schwabe et al., 1973; Schwabe & Ebert, 1974; Fain & Wieser, 1975; Fredholm, 1976; Fernandez & Saggerson, 1978; Ohisalo & Stouffer, 1979; Fredholm & Sollevi, 1981 ; Aitchison et al., 1982) .
There have been several reports that in starvation or diabetes the sensitivity to lipolytic stimulators is increased (Zapf et al., 1977; Zumstein et al., 1980; Honnor & Saggerson, 1980; Dax et al., 1981; Chohan & Saggerson, 1982; Chatzipanteli & Saggerson, 1983) . Conversely, in hypothyroidism, sensitivity to lipolytic stimuli is decreased (Correze et al., 1974; Malbon et al., 1978; Ohisalo & Stouffer, 1979; Goswami & Rosenberg, 1980) .
In three physiological states, namely hypothyroidism (Ohisalo & Stouffer, 1979) , adrenalectomy (Saggerson, 1980) , and lactation compared with pregnancy (Vernon et al., 1983) , the response ofthe system to adenosine (or more correctly the analogue PIA) is increased. It has not been established whether these are post-receptor changes or are Vol. 223 attributable to alterations in the number or affinity of adenosine receptors.
The present study had two objectives. We have investigated the effect of brief starvation (24h) on the sensitivity of rat adipocyte lipolysis to PIA and find it to be substantially decreased. In addition we have measured the binding of [3H]PIA to adipocyte plasma membranes to examine the characteristics of putative adenosine receptors under conditions where the sensitivity of lipolysis to this agent is decreased (starvation) or increased (hypothyroidism).
Materials and methods

Chemicals
Chemicals were obtained and treated as described by Honnor & Saggerson (1980) and Saggerson (1980 Animals used for comparison of the euthyroid and the hypothyroid states were treated as follows. Approx. 4 weeks before use, the animals were taken off the GR3-EK diet and transferred to diets supplied by Special Diet Services, Witham, Essex, U.K. The euthyroid animals were fed on rat and mouse maintenance diet (no. 1, standard cube) and drank water containing 0.25% (v/v) ethanol. The hypothyroid animals were fed on an iodinedeficient version of the same diet and drank water containing 0.01% (w/v) 6-n-propyl-2-thiouracil.
Ethanol was used as a vehicle to dissolve the propylthiouracil, and hence was also present in the drinking water at 0.25% (v/v). The animals selected to be made hypothyroid were approx. 10 days older than their euthyroid controls, in order to avoid too great a difference in body weight and fatpad size at the end of the 4-week dietary treatment. Fernandez & Saggerson (1978) . These extracts were assayed for glycerol by the method of Garland & Randle (1962) . Where adenosine deaminase (EC 3.5.4.4) was added to adipocyte incubations, the enzyme was previously dialysed overnight against 0.9% NaCl to remove (NH4)2SO4, followed by spectrophotometric standardization at 265nm and 25°C by the method of Kalckar (1947) . A unit of adenosine deaminase is the amount of enzyme needed to deaminate I jimol of adenosine/min at 25°C in this assay. Preparation of adipocyte plasma membranes Plasma membranes were prepared from epididymal adipocytes of five to eight rats. The cells were broken by agitation on a vortex mixer in 15 ml of ice-cold 0.25M-sucrose/lOmM-Tris/HCI/2mM-EGTA, pH7.4, and rapidly fractionated by the method of Belsham et al. (1980) , which employs density-gradient centrifugation in Percoll. Finally, the membrane preparation was suspended in 50mM-Tris/HCl buffer (pH 7.4) containing 1 mM-MgCl2 ('Tris-Mg buffer'). The protein content was determined (Lowry et al., 1951) with bovine albumin as a standard, and the membranes were stored in liquid N2 at a protein concentration of l-2mg/ml. These preparations exhibited similar activities and cross-contamination by marker enzymes to those reported by Chohan & Saggerson (1982) .
Measurement of [3H]PIA binding to plasma membranes
The method of Trost & Schwabe (1981) was used with some modifications. In essence, the mem-branes were obtained by the more rapid Percollbased fractionation; these were treated with a larger amount of adenosine deaminase to remove endogenous adenosine, and binding assays were performed with substantially lower membrane protein concentrations.
Plasma membranes in Tris-Mg buffer (0.20mg of protein/ml) were preincubated with freshly standardized, dialysed, adenosine deaminase (3units/ml) for 10min at 30°C before being used immediately in binding assays. These contained 70yg of membrane protein incubated at 37°C for 15min in 0.4ml of Tris-Mg buffer containing the required concentration of [3H]PIA. After incubation the membranes were separated from the medium by vacuum filtration through Whatman GF/B glass-fibre filters. The filters were washed with 2 x 5 ml of ice-cold Tris-Mg buffer and then counted for radioactivity in a scintillation fluid consisting of 2,5-bis-(5-t-butylbenzoxazol-2-yl)-thiophen (4g/1) in toluene/Triton X-100 (2:1, v/v). Saggerson, 1980; Vernon et al., 1983) . Several studies have shown that adenosine deaminase alone, at concentrations comparable with or less than those used here (0.5unit/ml, equivalent to approx. 2.5pg of enzyme) increases basal lipolysis severalfold (Schwabe & Ebert, 1974; Fain & Wieser, 1975; Fernandez & Saggerson, 1978; Aitchison et al., 1982) . However, in other studies high concentrations of adenosine deaminase had little effect on basal lipolysis, although the removal of endogenous adenosine did substantially facilitate the actions of lipolytic hormones (Ohisalo & Stouffer, 1979; Shechter, 1982) . This was the case in the present study. Adenosine deaminase (0.5unit/ml) only increased basal lipolysis by 1.3-or 1.6-fold in cells from fed or starved rats respectively. These increases were not statistically significant. Noradrenaline (1 pM) in all cases caused a further 10-15-fold increase in lipolysis over this 'basal' rate, and therefore the effects of PIA reported below are almost entirely due to opposition of 'noradrenaline-stimulated' lipolysis rather than 'adenosine deaminase-stimulated' lipolysis. The reason for the variability in the lipolytic effects of adenosine deaminase between various studies is unexplained at present, but could be attributable to differences in strains of rats, seasonal variation or differences in cell concentrations in incubations. The effectiveness of the anti-lipolytic action of adenosine or of PIA against noradrenaline-stimulated lipolysis is dependent on the noradrenaline concentration (Stock & Prilop, 1974; Fredholm, 1978) . No anti-lipolytic effects of the nucleosides are observed when relatively high (i.e. in the gM range) concentrations of noradrenaline are used. It is therefore important to choose sub-maximal concentrations of the stimulating agent. Furthermore, for comparisons between physiological states it is also important that concentrations should be chosen that are at equivalent points on the noradrenaline-doseresponse curve. Since prolonged (72 h) starvation (Zapfet al., 1977; Dax et al., 1981) or experimental diabetes (Zumstein et al., 1980) result in 3-5-fold increases in sensitivity of lipolysis to adrenaline, preliminary experiments were performed in order to choose appropriate concentrations for this study. The values given are means+S.E.M. from three separate experiments. Previous findings (Zapf et al., 1977; Dax et al., 1981) were confirmed in that half-maximal stimulation of lipolysis was achieved with 16+4.5nM-and 2.2+ 1.3nM-noradrenaline in the fed and. starved states respectively (P<0.05), whereas 160+31 M and 45+O0nM concentrations elicited 75% of the maximal lipolytic response (P <0.05). Accordingly, these noradrenaline concentrations were used to investigate the anti-lipolytic action of PIA in the fed and starved states (Fig. 1) Vol. 223 observed with plasma membranes from both fed and starved rats (Fig. 2a) Effect ofhypothyroidism on the anti-lipolytic action of PIA The experiment summarized in Fig. 3 was performed to assess whether our animal model of hypothyroidism showed increased sensitivity to PIA, as previously reported by Ohisalo & Stouffer (1979) . Preliminary experiments demonstrated that cells from the hypothyroid animals were slightly less sensitive to noradrenaline even with a high concentration of adenosine deaminase present. In the euthyroid state 75% of maximal lipolysis was seen with 170 + 23 nM-noradrenaline. With cells from hypothyroid animals, 480 + 99 nMnoradrenaline was required to cause 75% of maximal lipolysis (n = 3 in both states, P <0.05). Fig. 3 demonstrates that the cells from the euthyroid animals were virtually insensitive to PIA when the 75%-maximally-effective noradrenaline concentration was present. A considerable increase in response to PIA was seen in the hypothyroid state. Concentrations of PIA < 0.1 nM caused a 50% inhibition of lipolysis elicited by the 75%-maximally-effective dose of noradrenaline, and the degree of inhibition of lipolysis was substantially increased.
Binding of [3H]PIA to plasma membranes from euthyroid and hypothyroid rats Adipocyte plasma membranes were obtained from the hypothyroid animals which showed this considerable increase in sensitivity to PIA.
[3H]PIA binding was studied in the expectation (0) Fig. 2(a) . This can only be attributed to differences in the feeding routines, since both sets of rats were obtained from the same rat population and both sets of experiments were performed over the same time period. Scatchard analysis of the means of these data ( Fig. 4b) Fig. 4(b) . In addition, these data were analysed by a non-linear least-squares-fitting computer program, FACSIMILE (Chance et al., 1977) (Malbon et al., 1978; Goswami & Rosenberg, 1980; Dax et al., 1981) . Other studies of these physiological states have observed alterations in fiadrenoceptor number without changes in KD (Giudicelli, 1978; Giudicelli et al., 1982 (Williams & Risley, 1980) and N6-cyclohexyladenosine binding to bovine membranes (Bruns et al., 1980 
